Bovine herpesvirus type 5 (BHV-5) is an alphaherpesvirus associated with usually fatal meningoencephalitis in cattle (29, 38) . Severe outbreaks of neurological disease caused by BHV-5 have frequently been reported, mainly in central and southern Brazil and Argentina (7, 32, 39) . The disease is characterized by tremors, nystagmus, teeth grinding, circling, ataxia, recumbency, paddling, and death (4, 7, 22, 25) . Like other alphaherpesviruses, BHV-5 establishes a lifelong latent infection in the nerve sensory ganglia of animals that survive acute infection (6, 8, 22, 25, 34 ; F. S. F. Vogel, M. Lima, E. F. Flores, R. Weiblen, E. R. Winkelmann, S. V. Mayer, K. Mazzutti, and S. Arenhart, submitted for publication). Reactivation of latent infection may occur under certain natural or induced stimuli and provide adequate means for virus transmission and spread (6, 8, 22, 25, 28) . Natural or artificially induced reactivation is frequently accompanied by recrudescence of neurological disease, both in the natural host and in a rabbit model (3, 4, 6, 25) .
The major site of latent infection by human (i.e., herpes simplex virus 1 [HSV-1]) and animal alphaherpesviruses (BHV-5, BHV-1, and pseudorabies virus [PRV] ) following ocular, nasal, or oral infection is the sensory nerve ganglia, mainly the trigeminal ganglia (1, 9, 11, 16, 17, 28, 31, 36) . Nevertheless, other possible neural and nonneural sites of latent infection or virus persistence have also been described for these viruses (reviewed in references 11, 16, 17, 28, and 36) . Latent HSV-1 DNA has been detected in human nodose ganglia, vagus nerve, and bone marrow and in some areas of the central nervous system (CNS) (5, 13, 14, 19) . In latently infected mice, HSV-1 DNA has been detected in the cornea (15, 21) , and it has been detected in nonneural sites in other animal models (11, 33, 36) . The tonsils have been shown to harbor PRV DNA in latently infected pigs (9, 40) . PRV DNA has also been detected in the olfactory bulbs, brain stem, pons, medulla oblongata, and cervical medulla (31, 40) . The major site of latent infection by BHV-1 is also the sensory nerve ganglia, where the virus replicates lytically during acute infection (17, 27, 28) . In addition, BHV-1 DNA has been detected in tonsils, in CD 4 ϩ T lymphocytes, and in peripheral blood mononuclear cells of latently infected animals (20, 42) .
BHV-5 is very neuroinvasive and neurovirulent following natural and experimental infection in cattle (2, 3, 4, 8, 22, 25) and after experimental inoculation of sheep (34) and rabbits (3, 4, 6, 10, 18) . During acute infection, infectious virus can be recovered from several regions of the brain in moderate to high titers (3, 4, 6, 10, 22) . Although the ensuing neurological disease is often fatal, cases of mild infection followed by clinical recovery and even subclinical neurological infection have occasionally been reported (2, 3, 4, 6, 8, 25) . In the rabbit model, animals previously immunized with BHV-5 frequently experience a mild, transient, and nonfatal neurological disease upon BHV-5 inoculation (3, 4) . Dexamethasone (Dx)-induced BHV-5 reactivation in calves may also course with mild, transient neurological signs (3, 25) .
These biological properties of BHV-5 prompted us to investigate potential areas of the brain in which the virus may remain latent after acute infection. As the virus is capable of reaching and replicating in deep areas of the brain during acute infection and not all neurological infections are fatal, the virus may remain latent in some of these areas. BHV-5 DNA has been consistently detected in the trigeminal ganglia (TG) of latently infected cattle (1, 8, 22 ) and was occasionally detected in some areas of the brain and trachea of an experimentally, latently infected calf (8, 22) . Nevertheless, a systematic and detailed study of the distribution of BHV-5 DNA in the CNS of cattle has not yet been performed. In the present study, we report the presence of BHV-5 DNA in several areas of the CNSs of latently infected calves.
MATERIALS AND METHODS
Design of the experiment. Twelve calves were inoculated intranasally with a BHV-5 isolate, and two calves remained as noninfected, negative controls. The animals were monitored clinically during the acute infection; virus replication was monitored by testing nasal swabs for infectivity. Fifty-five days after inoculation, four inoculated calves (group A) and one control were euthanized for tissue collection. The other eight inoculated calves were treated with Dx at day 60 postinoculation (p.i.) to reactivate the infection. Fifty days after Dx administration, these eight calves and a control calf were sacrificed for tissue collection. The distribution of latent viral DNA in group A and group B calves was investigated by submitting the different brain sections to PCR, using a set of primers to the glycoprotein B (gB) gene. The presence of infectious virus or viral proteins in PCR-positive tissues was investigated by inoculation of tissue homogenates into tissue cultures and by immunohistochemistry (IHC), respectively. Cells and virus. A bovine cell line named CRIB (12) , derived from MadinDarby bovine kidney cells (American Type Culture Collection no. CCL-22) was used for virus multiplication, quantitation, and isolation from nasal swabs and tissues. Cells were routinely maintained in Eagle's minimal essential medium (MEM; Cultilab, Campinas, São Paulo, Brazil) containing penicillin (1.6 mg/ liter), streptomycin (0.4 mg/liter), and 5% fetal calf serum (Cultilab). The BHV-5 SV-507 strain was isolated from an outbreak of meningoencephalitis in southern Brazil and has been submitted to nucleotide sequencing of the entire DNA genome (23) .
Calves, virus inoculation, and Dx treatment. Twelve calves seronegative for BHV-5 and BHV-1 were used for virus inoculation, and two calves were used as mock-infected controls. The inoculated and control groups were kept in separated areas. Calves were inoculated by the intranasal route with 2 ml of virus suspension in each nostril (total virus dose, 10 6.5 of the 50% tissue culture infective dose [TCID 50 ]/animal). The control calves were inoculated with the same volume of MEM. Fifty-five days p.i., four calves (group A) were euthanized for tissue collection. The other eight inoculated calves (group B) were submitted to daily administrations of Dx (0.2 mg/kg of body weight/day for five days; Teresone, Intervet, São Paulo, Brazil), starting at day 60 p.i. (25) . The Dx-treated calves were euthanized at day 55 post-Dx treatment (postreactivation [p.r.]). One control calf was euthanized with each group. All procedures for animal handling and experimentation were performed under veterinary supervision and according to recommendations by the Brazilian Committee on Animal Experimentation.
Animal monitoring and sample collection and processing. After virus inoculation and Dx treatment, calves were monitored clinically on a daily basis. Nasal swabs for viral isolation were collected every day up to day 21 p.i. Thereafter, nasal swabs were obtained weekly until the first day of Dx administration. Then, nasal swabs were collected daily up to day 15 p.r. The swabs were collected in 1 ml of MEM containing 5ϫ penicillin and stored at Ϫ70°C. At the time of analysis, the swabs were thawed and briefly vortexed and the contents were transferred to a microcentrifuge tube. The tubes were centrifuged at 10.000 ϫ g for 1 min, and the supernatants were removed and transferred to a fresh microcentrifuge tube containing 5ϫ penicillin and fungizone. The supernatants were cooled on ice for 30 min, and an aliquot of 0.2 ml was inoculated onto monolayers of CRIB cells grown in 24-well plates and submitted to three passages of 5 days each, with the cells being monitored for cytopathic effect. The infectivity of the nasal swabs that tested positive by virus isolation was subsequently quantitated by limiting dilution in CRIB cells grown in 96-well plates. The virus titers were calculated according to the method of Reed and Muench (26) and expressed as log 10 TCID 50 /ml. Blood for serology was collected from all animals before virus inoculation, at day 21 p.i., at the day of the first Dx administration, and 15 days p.r. Serum samples were submitted to a standard microtiter virusneutralizing (VN) assay using twofold dilutions of serum against a fixed dose of virus (100 to 200 TCID 50 per well). At necropsy, different sections of the brain and peripheral nervous system were aseptically and individually collected for virus isolation and PCR.
Tissue sections were also collected for histological examination and IHC. The following sections were collected individually: cerebral cortex (olfactory, anterior, posterior, and dorso-lateral), olfactory bulb, thalamus, midbrain, pons, medulla oblongata, cervical medulla, cerebellum, and TG. The location of the sections examined for the presence of viral DNA is depicted in Fig. 1 . Tissue collection was performed bilaterally where applicable. Virus isolation and IHC were attempted only in sections that tested positive for viral DNA by PCR. For virus isolation, the tissue samples were processed by preparing a 10% (wt/vol) homogenized suspension, which was inoculated onto CRIB monolayers. Monitoring of virus replication was performed as described above.
DNA extraction from tissues. Strict precautions were taken to avoid DNA carryover, including isolation of the pretarget and posttarget and amplification into separated facilities, the use of plastic disposable labware and positivedisplacement pipettes in all steps of DNA manipulation, and the use of coverings for the operator's hair, clothing, and face. Total DNA for PCR was extracted from approximately 1 g of each section. Before digestion, the tissues were cleaned by removing fat and blood debris and were minced with a razor blade in petri dishes. Tissues for PCR analysis were transferred to a sterile plastic bag and digested overnight at 55°C, with shaking, in 5 ml of TEN buffer (0.01 M Tris, 0.001 M EDTA, 0.1 M NaCl, pH 7.4) containing 0.5% sodium dodecyl sulfate and 0.1 M proteinase K (Sigma) per ml per gram of tissue. Total cellular DNA was extracted with phenol-chloroform-isoamyl alcohol (25:24:1), precipitated with 10 M ammonium acetate (volume, 1/3) and cold 100% ethanol (twice the final volume). After being incubated for 2 h at Ϫ20°C, the nucleic acid solution was centrifuged in sterile plastic centrifuge tubes at 10.000 ϫ g for 20 min. After centrifugation, the supernatant was discarded and the pellet was rinsed twice with cold 70% ethanol. The pellet was vacuum dried for 1 h and resuspended in 300 l of Tris-EDTA buffer (0.01 M Tris and 0.001 M EDTA, pH 7.4). The DNA concentration was measured by UV absorbance at 260 nm. Alternatively, the Genome Star DNA isolation kit (ThermoHybaid, London, United Kingdom) was used for some samples for preparation of template DNA. For large areas (dorsolateral, ventro-lateral, and cerebellum cortices, for example), representative fragments were collected bilaterally, pooled, and submitted to DNA extraction.
PCR. PCR was performed by using a set of primers corresponding to positions 57143 and 57416 of the gB gene of BHV-5 strain SV-507 (23) . The target region (273 bp) was amplified with the primers (forward) 5Ј-GTGGTGGCCTTTGAC CGCGAC-3Ј (position 57143) and (reverse) 5Ј-GCTCCGGCGAGTAGCTGG TGTG-3Ј (position 57416). PCR was performed in a 25-l volume of solution containing 1 l of template DNA (containing approximately 1 g of total DNA in Tris-EDTA buffer), 100 ng of each primer, 1 mM MgCl 2 , 10 mM (each) dNTPs, 10% DMSO, 1ϫ reaction buffer, and 0.5 units of Taq polymerase (GIBCO BRL). The PCR conditions were initial denaturation (94°C for 10 min) followed by 40 cycles of 94°C for 1 min, 50°C for 30 s for primer annealing, 72°C for 30 s for primer extension, and a final extension of 7 min at 72°C at the end. PCR products were electrophoresed in a 1.5% agarose gel, stained with ethidium bromide, and visualized under UV light. To increase the sensitivity of detection, the PCR solutions of negative tissues (2 l) from the first PCR were used as the template in a second PCR with the primers and conditions described above. DNA extracted from the brains of the control calves and a BHV-5-seronegative calf dying of unrelated causes was used as the negative control. DNA extracted from CRIB cells infected with BHV-5 SV-507 and the brain of an acutely BHV-5-infected calf was used as the positive control. The specificity of the PCR amplification product was confirmed by nucleotide sequencing of a 49-bp segment within the target region (nucleotides 1175 to 1223 of the gB gene) (30) IHC. Tissues collected at necropsy were fixed in 10% neutral buffered formalin, embedded in paraffin, and sectioned at 5 m. The tissue sections were submitted to hematoxylin and eosin staining for histological examination and to IHC to determine BHV-5 antigens. For IHC, tissue sections were deparaffinized and rehydrated through successive xylol and ethanol series. The tissues were treated with proteinase K (25 g/ml in Tris-EDTA, pH 8.0; Sigma) for 8 min at 37°C, and then endogenous peroxidase activity was blocked with H 2 O 2 (10 volumes) for 30 min at room temperature (two incubations of 15 min each). The sections were then incubated with the monoclonal antibody 2F9 (I. Oldoni, E. F. Flores, R. Weiblen, and M. A. Winkelmann, submitted for publication) (1:1000 in phosphate-buffered saline, pH 7.2) overnight at 4°C. The presence of viral antigens was revealed by using a streptavidin-biotin-peroxidase kit (Dako LSAB Plus), followed by adding the substrate DAB (60 mg of diaminobenzidine in 100 ml of phosphate-buffered saline plus 1 ml of H 2 O 2 ; Sigma). After that, the sections were dehydrated, stained with hematoxylin, and mounted for microscopic examination.
RESULTS
Acute infection. The summary of acute-and latent-infection findings and the main viral DNA and antigen findings in brain sections of calves inoculated with a Brazilian BHV-5 isolate (SV-507) is presented in Table 1 . Virus shedding in nasal secretions was detected up to day 21 in some animals. All inoculated calves shed virus continuously from day 2 through day 9. The mean viral titers (expressed as log 10 /ml) were day 2 p.i., 6.39; day 3 p.i., 6.96; day 4 p.i., 7.64; day 5 p.i., 5.78; day 6 p.i., 5.89; day 7 p.i., 6.22; day 8 p.i., 5.75; and day 9 p.i., 5.12. From days 10 to 21 p.i., virus shedding was intermittent and not detected in all animals. Seven calves shed virus until day 19. The mean virus titers between days 10 and 17 varied between 4.16 (day 13) and 3.0 (day 17). After day 17 p.i., the titers were below 10 1.8 TCID 50 /ml. Three animals were still shedding virus at day 21, when the collection was discontinued. Virus shedding was not detected at day 28 p.i. and in the subsequent weekly swab examinations. No significant increase in body temperature was observed in the inoculated calves during clinical monitoring. A mild serous nasal discharge was noticed in all inoculated calves, starting at day 3 and lasting from 2 to 5 days. No other clinical signs were reported during acute infection. All calves seroconverted to BHV-5 by day 30, developing VN titers from 16 to 64. Weekly examinations of nasal swabs for infectivity from day 28 p.i. to the day of the first Dx administration were negative. Nasal swabs collected on the day of Dx administration were also negative for the virus. The control calves remained healthy, did not shed virus in nasal secretions, and remained seronegative during the experiment.
Latent infection. After Dx administration, virus shedding in nasal secretions was detected in five out of eight calves (Table  1) . Calf 109 shed virus continuously from day 8 to day 15 p.r. Calf 124 shed virus at days 4 and 5 and from day 8 to day 16 p.r. Virus shedding by calves 117 and 122 was detected in only one collection, at days 8 and 16 p.r, respectively. Calf 118 shed virus at days 7 and 8 p.r. In general, virus titers in nasal secretions collected after Dx treatment were much lower than those observed during acute infection. In most animals, the virus titers barely reached 10 3 TCID 50 /ml. No infectious virus was detected in the nasal secretions of the control calves. No virus shedding was detected after day 16 p.r. and up to the day of euthanasia for group B calves (day 50 p.r).
Although no infectious virus could be recovered from the nasal secretions of calves 112, 121, and 123 after Dx treatment, Three calves (118, 121, and 123) developed severe neurological signs by days 7 to 8 p.r. and died or were euthanized in extremis. The neurological disease was characterized by tremors, bruxism, circling, protusion of the tongue, salivation, recumbency, and paddling. These findings are in agreement with previous observations with cattle (3, 25) and rabbits (3, 6) , in which reactivation of latent BHV-5 infection was frequently accompanied by clinical recrudescence. Histological examination of the brains of these calves revealed a mild to moderate nonsuppurative meningoencephalitis characterized by mononuclear cell perivascular cuffing and gliosis. No infectious virus was recovered from tissue homogenates. This was not a surprising finding, since we and others (3, 6, 25) have previously reported difficulty in isolating virus from the brain tissues of calves and rabbits upon BHV-5 infection, mainly in animals undergoing clinical recrudescence after Dx-induced reactivation. In spite of the lack of detection of infectious virus, viral antigens were demonstrated by IHC in neurons and other cells in several areas of the brains of these animals ( Table 1 and Fig.   2C and D) . The other five calves remained healthy until the end of the experiment.
Specificity and sensitivity of the PCR. The specificity of the PCR amplification was determined by nucleotide sequencing of 49 bp (nucleotides 1175 to 1223) within the target region and comparing them with the sequence of the parental virus (23) and other available BHV-1 and BHV-5 sequences (Fig.  3D) . The PCR product obtained by amplification of the target region from total DNA from the anterior cortex of calf 109 was used for DNA sequencing. Alignment of the obtained sequence revealed 100% homology with the sequence of the parental virus (BHV-5 strain SV-507) (23) and of another BHV-5 strain (strain N565 (30) and 97% homology with the equivalent sequence of BHV-1 K22 and the complete BHV-1 sequence (30). These results confirmed the specificity of the PCR amplification. Sensitivity of the PCR was determined as described in Materials and Methods and estimated to be around 5 to 20 genome copies per reaction (1 g of total DNA). To enhance sensitivity, all products that were negative in the first reaction were used as templates in a second PCR. Only a few tissues were detected as positive by this second round of PCR, most being positive in the first reaction.
Distribution of viral DNA in neural tissues. The frequency of detection of viral DNA in brain tissues of group A and B calves is presented in Table 1 . In general, the animals previously submitted to Dx treatment (group B) presented a higher frequency of PCR-positive tissues than group A calves (the exception was calf 103) (Tables 2 and 3 ). Among these, there was an apparent association between the length of virus shedding after reactivation and the frequency of DNA-positive tissues. The animals presenting the highest frequency of positive sections as determined by PCR (animal 109, 11/12, and animal Tables 2 and 3 for groups A and B, respectively. The PCR products obtained by amplification of DNA from different brain sections of calf C1 (control), calf 101 (group A), and calf 112 (group B) are presented in Fig. 3A , B, and C, respectively. In addition to the TG, which was positive in all animals, BHV-5 DNA was also frequently detected in the olfactory cortex, pons, midbrain, and thalamus. The overall distribution of DNA in most sections was similar among the animals and between the groups, yet the frequency of positivity varied, and particular patterns of distribution can be observed. In a comparison of group A and B calves, the major differences in the distribution and frequency of DNA detection were observed in the dorso-lateral and posterior cortices. These sections were negative in all group A calves and were consistently positive in group B calves (5/5 and 3/5, respectively). Likewise, the anterior cortex (2/4 to 4/5 positive calves in group A and B, respectively), medulla oblongata, and cervical medulla (1/4 to 3/5 positive calves) were also more consistently positive in the calves previously submitted to Dx treatment. The possible reasons for these differences, in which a higher number of brain sections became positive for viral DNA in latently infected animals previously submitted to virus reactivation, will be discussed elsewhere in this article.
The distribution of viral DNA in the brains of the calves who developed neurological disease upon reactivation was roughly . An avidin-biotin-peroxidase detection system, using monoclonal antibody 2F9, and hematoxylin counterstaining were used. Magnification, ϫ400. similar to that of the rest of the animals in group B. These calves were not considered in the analysis of DNA distribution during latent infection because they developed neurological signs upon reactivation, likely as a result of virus reactivation and replication in the CNS (as demonstrated by detection of viral antigens by IHC). Calf 118 presented BHV-5 DNA in the anterior and posterior cortices, cerebellum, pons, medulla oblongata, cervical medulla, and TG. Calf 121 was positive for viral DNA in the anterior and dorso-lateral cortices, pons, medulla oblongata, cervical medulla, and TG. The olfactory bulbs, olfactory cortex, anterior-posterior and dorso-lateral cortices, cerebellum, thalamus, cervical medulla, and TG of calf 123 were positive for BHV-5 DNA. In particular, these animals frequently harbored viral DNA in the pons medulla and cervical medulla (2/3 and 3/3). It is tempting to speculate that the presence of viral DNA in these areas is possibly due to reactivated virus coming from a nearby site of latent infection (i.e., the TG).
Virus isolation and IHC. All tissue sections from calves of groups A and B determined to be positive for viral DNA by PCR were tested for infectivity. Tissue homogenates were inoculated onto cell cultures and monitored for cytopathic effects during three passages of 5 days each. The attempts to isolate virus from DNA-positive tissues were conducted to demonstrate that viral DNA was present in these tissues without actively replicating virus, i.e., to fulfill the biological criteria used to define latent infection (28, 36) . Viral isolation attempts were performed twice for each tissue section, and no infectious virus was detected in any of the tissues. A brain section of a cow acutely infected with BHV-5 was used as an internal positive control for this virus isolation system.
The limit of detection of BHV-1 and BHV-5 in this virus isolation system was previously established to be around 1 to 5 TCID 50 . However, as no infectious virus was detected in the brain tissues of animals developing neurological disease upon reactivation (calves 118, 121, and 123), a situation similar to Olfactory bulb
a ϩ, positive for viral DNA; Ϫ, negative for viral DNA. (3, 6, 25) , IHC was employed to ensure that no acute virus replication was taking place in those tissues that tested positive by PCR at the time of tissue collection.
In this assay, a recently produced and characterized monoclonal antibody (2F9) to the same BHV-5 isolate used in the present study (Oldoni et al., submitted) was used in a highly sensitive avidin-biotin detection system. Three nonconsecutive histological sections of each DNA-positive tissue were processed by IHC. A brain section of a BHV-5 naturally infected calf was used as a positive control. No viral antigens were detected in the brain tissues of the mock-infected control ( Fig.  2A) or in brain sections of latently infected calves of groups A and B that were positive for DNA (Fig. 2B ). Taken together with the negative results of virus isolation, the results of IHC clearly indicate that the presence of viral DNA in the brains of these calves was not accompanied by detectable viral gene expression and/or productive virus replication.
The opportunity for using a highly sensitive antigen-detection assay prompted us to investigate the presence of antigens in the brains of calves 118, 121, and 123, which developed neurological signs after Dx administration. We tested a series of histological sections from the brain tissues of these animals (both DNA-positive and -negative) and detected viral antigens in abundant neuronal and glial cells in several brain sections ( Fig. 2C and D) . A detailed distribution of viral antigens in the brains of these calves, however, was not performed. The results of IHC not only corroborated the negative results for virus isolation in the brains of latently infected calves but also indicated that the neurological disease developed by calves 118, 121, and 123 was likely associated with neurological infection due to virus reactivation.
In summary, IHC for BHV-5 antigens was performed for two different purposes: (i) to demonstrate the absence of viral gene expression (favoring latency rather than viral persistence) in the brains of calves during latent infection and (ii) to demonstrate that the neurological disease was associated with viral replication in the brains of calves which developed neurological signs upon reactivation.
DISCUSSION
The results presented herein demonstrate the presence of BHV-5 DNA in several areas of the brains of latently infected calves in addition to the TG, which is the most common site of latent infection by human and animal alphaherpesviruses (1, 11, 17, 28, 31, 40) . BHV-5 DNA was frequently detected in the cerebral cortex, thalamus, midbrain, pons medulla, and cerebellum and less frequently found in the olfactory bulb. The brains of calves previously submitted to Dx treatment showed a wider distribution of viral DNA than the brains of calves from group A. In calves from group B, viral DNA was consistently detected in the posterior and dorso-lateral cerebral cortices, sites that were negative in calves not submitted to prior virus reactivation. At the time of tissue collection, calves from both groups (A and B) met the biological criteria traditionally used to define latent infection: the presence of viral DNA in the absence of productive viral replication (17, 28) . The lack of detection of infectious virus and viral antigens in DNA-positive tissues favors the hypothesis of latency rather than viral persistence.
Although the TG is the major site of latency for human and animal alphaherpesviruses following ocular, oral, or nasal infection, several studies have demonstrated persistence or latency in other neural and nonneural sites as well. Latent HSV-1 DNA has been detected in human nodose ganglia and vagus nerve (14, 19) and bone marrow (5) and occasionally in some areas of the CNS (11, 13, 37) . HSV-1 DNA has also been detected in mouse cornea (15) and in nonneural sites in other animal models (16, 21, 33, 37) . Besides the TG, PRV DNA has been detected in the tonsils, olfactory bulbs, brain stem, pons medulla, and cervical medulla (9, 31, 40) . The major site of latent infection for BHV-1 is also the sensory nerve ganglia, where the virus replicates lytically during acute infection (17, 24, 28) . Acute BHV-1 replication has also been demonstrated in tonsils (42) , in CD4 ϩ T lymphocytes (20, 41) , and in peripheral blood mononuclear cells (20) , sites which have been shown to harbor viral DNA in latently infected animals (20, 42) .
BHV-5 is highly neuroinvasive following natural and experimental infection of cattle. During acute infection, infectious virus can be recovered from several regions of the brain in moderate to high titers (3, 4, 8, 22, 25) . Although the ensuing neurological disease is often fatal, cases of mild disease or subclinical neurological infections have been reported as well (2, 3, 4, 8, 25) . Therefore, it is conceivable that latent BHV-5 infection may be established in the areas of the CNS where the virus replicates during acute infection. In fact, recent studies have detected BHV-5 DNA in some areas of the CNS in latently infected calves (8, 22) . The data presented herein further support this hypothesis. The SV-507 strain, which is highly neuroinvasive during acute infection, was capable of persisting in several areas of the brain of latently infected animals. Moreover, the overall distribution of viral DNA in the brain of latently infected calves correlates well with the distribution of infectious virus in the brain of acutely, experimentally infected cattle (3, 22) . Nevertheless, as marked differences in neuroinvasiveness and neurovirulence have been reported among BHV-5 isolates (3, 4, 6) , different patterns of distribution of viral DNA in the brain would certainly be expected for different viral strains. In contrast, BHV-1 is far less neuroinvasive and replication during acute infection is rarely detected in neural sites beyond the TG (1, 17, 28) .
The biological significance of the presence of viral DNA in several areas of the brain during latent infection and the possible implications for the pathogenesis of BHV-5 infection are unclear at this point. Upon reactivation, alphaherpesviruses replicate acutely in the site of latency and travel back to the sites of primary infection (11, 17, 28, 36) . In rabbits infected experimentally with BHV-5 and BHV-1, infectious virus and viral nucleic acids were demonstrated in the TG following spontaneous and Dx-induced reactivation (6, 27) . HSV-1 has occasionally been associated with human meningoencephalitis, yet the source of the virus for the neurological infection is controversial. It has been suggested that encephalitis is mainly due to HSV-1 reactivation from the TG, but neurological infection due to primary infection is also possible (36) . Although reactivation of latent infection by animal alphaherpesviruses has been largely accepted to be predominantly subclinical, we and others have demonstrated that both natural and Dx-in-duced BHV-5 reactivation is frequently accompanied by neurological disease in cattle and rabbits (3, 4, 6, 25) . These observations were confirmed in the present study; three calves developed neurological signs and died or were euthanized after virus reactivation. Based on this finding, we hypothesize that the viral DNA present in deep areas of the brain during latent infection, in addition to virus reactivating from the TG, may serve as a source of virus for neurological infection during reactivation. In this case, the broad distribution of latent viral DNA in these areas may facilitate the spread and neuroinvasion that occur during viral reactivation, thus contributing to the severity of neurological infection upon reactivation. In favor of this hypothesis, it was recently demonstrated that the timing, kinetics, and distribution of histological changes in the CNS after BHV-5 reactivation differed from those observed during acute infection (25) . Furthermore, we and others have observed that the time that elapsed between Dx administration and the onset of neurological signs was significantly shorter than the incubation period during acute infection in cattle and rabbits (3, 6, 25) . Detection of additional sites of latent DNA in the group B calves is also consistent with this hypothesis. It is possible that these additional areas were infected during reactivation by virus reactivated from nearby tissues or from brain areas innervating the newly affected regions. Nevertheless, our findings do not discard the possibility that the virus reactivated from the TG may be the source of virus for the CNS infection observed upon reactivation.
In animals experimentally infected with HSV-1, viral DNA can be detected in several areas of the brain, yet attempts to reactivate the virus from brain tissue by explant cultures have failed (36, 37) . Attempts to reactivate HSV-1 from human brain tissue have also been unsuccessful (36) . Recently, BHV-1 DNA has been demonstrated in peripheral blood mononuclear cells of latently infected animals, yet attempts to reactivate the virus by cocultivation have been fruitless (20) . The type and levels of expression of latency-associated transcripts (LAT) and unknown host and CNS-specific factors that may inhibit viral reactivation are among the reasons proposed to explain the inability to reactivate HSV-1 from brain tissue (36) . Thus, whether latent BHV-5 DNA can be reactivated from brain tissue and the origin of the virus (brain tissue versus TG) causing neurological infection upon reactivation remain open questions that will need further investigation. In other words, demonstration that BHV-5 DNA in CNS sites is biologically active, i.e., that it can be reactivated as the DNA in the TG, for example, is necessary to support this concept.
BHV-1 and BHV-5 have been shown to establish and reactivate latent infections in cattle (2, 8, 22, 25 ; Vogel et al., submitted) and in other animal models (6, 27, 34) . Recent nucleotide sequencing of the entire BHV-5 genome revealed important differences with BHV-1, mainly in the region of the LRT (23) . Products of this gene are supposedly involved in the establishment and/or reactivation of latent infection by BHV-1 and other alphaherpesviruses (17, 27, 28) . Thus, it has been speculated that the divergence observed in the BHV-5 LRT gene might result in a distinct ability of this virus to establish and/or reactivate latent infection. In the present study, the seroconversion observed after Dx treatment was weaker and less consistent than previously reported for BHV-1, suggesting that BHV-5 indeed reactivates the latent infection less efficiently than BHV-1. However, virus shedding was detected in nasal secretions of animals which did not seroconvert (109 and 122), indicating that they did reactivate the infection as well. Low magnitude seroconversion after Dx treatment-though accompanied by virus shedding and occasionally by neurological disease-has been observed in calves (25; Vogel et al., submitted), sheep (34) , and rabbits (6) inoculated with BHV-5. These findings indicate that seroconversion should not be taken as the only indicator of reactivation, since virus reactivation (and shedding) may take place without a corresponding rise in titers of neutralizing antibodies. In order to specifically address this issue, we recently performed an experiment to compare the efficiency of BHV-1 and BHV-5 reactivation in calves (Vogel et al., submitted). The magnitude of seroconversion was lower in the BHV-5 group than among BHV-1-infected calves, yet both groups of calves reactivated the infection at similar levels, as judged by the percentage of animals reactivating the infection (8/8 [100%] for each group) and the magnitude and duration of virus shedding upon Dx administration (Vogel et al., submitted). Thus, that BHV-5 reactivates latent infections less efficiently than BHV-1 is still hypothetic, based on scattered and circumstantial data, and confirmation will require further experimentation and evidence.
Another interesting result was the long period of BHV-5 shedding in nasal secretions during acute infection (up to days 19 and 21) observed in the present study. We and others (3, 25, 35 ; Vogel et al., submitted) have already noticed that BHV-5 may be excreted for longer periods than BHV-1 upon experimental inoculation. Whether these findings were circumstantial (derived from different experimental conditions, animal age and genetic background, and/or different virus strains) or whether they reflect an inherent property of BHV-5 that distinguishes it from BHV-1 is still unclear.
The demonstration that BHV-5 DNA is frequently present in the brains of latently infected cattle may also have an important implication for diagnosis. In regions where BHV-5 infection is enzootic, the use of a BHV-5-specific PCR to diagnose neurological disease in cattle should be carefully considered, because animals latently infected with BHV-5 and suffering from any other neurological disorder may be misdiagnosed as suffering from acute BHV-5 infection. In other words, the detection of BHV-5 DNA in the brains of cattle with neurological signs and without concomitant virus isolation and/or viral antigen detection would not necessarily indicate acute BHV-5 infection.
In summary, our results demonstrate that, in the absence of detectable viral proteins and/or infectious virus, BHV-5 DNA is frequently present in several areas of the brains of latently infected cattle. After reactivation, the distribution of DNA changed slightly; i.e., additional areas became positive for viral DNA. The biological significance of these findings and the potential implications for the pathogenesis of BHV-5 infection are merely speculative at this point and will be the subject of future investigations in our lab.
